. aDetails on limiting ages can be found in Bursik, [1988] . the west facing scarp is higher. In addition, the slip rate may be a minimum value because only erratics and not an entire moraine crop out on the upthrown horst between the two faults, indicating that the till has been largely removed by erosion. In the bedrock plateau west of Hartley Springs, several normal faults offset June Lake Granite. These faults may be quite young, since one is bordered by steep-walled collapse pits tens of meters in diameter and several meters deep; however, slip rates cannot be estimated because of lack of datable material. Measurement of faulting of Tenaya (34,000 to 43,000 years old) and Tioga (11,000 to 21,000 years old) moraines by F1 is problematic. Depending on the interpretation of the complex relationships, the Tenaya moraine is offset either 7 or 13 m, and the Tioga moraine is either unfaulted or offset 6 m [Bursik, 1988] Both the Silver Lake Fault and the range-bounding fault at Parker Canyon can be projected into the moraines of Bloody Canyon. However, few scarps crosscut these moraines. The 200,000(?)-year-old pre-Mono Basin II moraine [Gillespie, 1982] A number of Pleistocene alluvial fans and lacustrine terraces along the shore of Mono Lake between Lee Vining and Lundy Canyons are truncated by scarps. Many of these scarps are arcuate and exhibit a large displacement over a short map length, suggesting that they are the head scarps of landslides or slumps. However, the apparent lack of slide deposits suggests that they may have been down-dropped by more recent faulting. Two sections of this portion of the range front merit special attention. One scarp, at point E in Figure 1 , has a small and relatively constant offset along its length. It was probably formed by a fault that displaces late Pleistocene terraces. It can be projected to the south into Mono Lake, and further still, into a fault that Pakiser [1976] defined in refraction profiles underneath the Pleistocene delta of Lee Vining Creek. It is possible, then, that a major range front fault lies to the east of the current range front at Lee Vining Canyon. North of point E, the path of the Mono Lake Fault crosses the Pleistocene delta of Mill Creek. Two possible fault scarps crop out along this section of range front. However, the scarps may well be wave-cut cliffs formed during two of the higher lake stands, since they crop out at approximately the same elevations as two prominent lacustrine terraces. The apparent lack of faulting between point E and Lundy Canyon suggests that post-Tioga faulting, which is so prominent at Lundy Canyon, may die out rapidly to the south, before resuming at point E and continuing southward.
Three major strands of the
The Mono Lake Fault scarp at Lundy Canyon has long been appreciated for its pristine appearance [Russell, 1889] . Craters suggest that these were also erupted from dikes. Finally, the edifice of the Mono Craters is elongate northsouth. The above data suggest that dike intrusion has occurred repeatedly over the lifetime of the Mono Craters.
Therefore, since extension rates related to faulting and volcanism can be directly compared, the task is to estimate dike intrusion rates underneath the Mono Craters.
In our analysis, we infer the spatial and temporal distribution of dikes by using surficial information. To understand spatial distribution, we have divided the Mono Craters into segments according to the number of dikes that may underlie each segment. We assume that the number of dikes in each segment is constant along its length, but varies from segment to segment. We have used available •4C and hydration rind data to constrain the temporal distribution of dikes that have fed the Mono Craters. Ages of some of the domes are known much more precisely than is needed for present purposes --because we seek to compare dike intrusion with faulting rates, we need only resolve the timing of intrusions to the degree to which we have resolved the timing of fault offsets. So, although some eruptions and their dike intrusions have been dated precisely with •4C, the data will be used to relate intrusion ages to the more poorly constrained glacial chronology that was used to determine fault slip rates.
Ages of the Volcanoes of Mono Basin
Late Lajoie's data therefore suggest that no rhyolitic volcanism at the Mono Craters is older than 36,000 years. The basalt of June Lake is probably older than Tioga till but younger than Tenaya till [Bursik, 1988] . Since the Tenaya glaciation is tentatively thought to have occurred 35,000 to 45,000 years ago, the basalt of June Lake erupted between about 40,000 years and 20,000 years ago.
Where are the domes that correlate to the ash layers of the Wilson Creek Formation? Although Mono Craters rhyolitic volcanism seems to have initiated about 40,000 years ago, only one of the currently exposed domes may be more than about 20,000 years old, as discussed in detail below. The exposed domes, however, constitute only half the to- The recalibrated hydration rind versus age curve is shown in Figure 7 .
As a confirmation of the validity of the recalibration, the new hydration rind curve fits new 14C ages on some of the younger domes and a gap in deposition of tephra recorded in the sediments of Black Lake [Batchelder, 1970] Hydrotion-rind thickness (/zm) [Miller, 1985] .
Ages of Domes in Segments
The maximum ages of domes in all segments except segment 5 (Figure 8 ) are probably well represented by domes currently exposed, so we give only a brief summary of the age of initiation of volcanism in most segments. All domes in segments I to 3 are well exposed, and most have Holocene hydration rind or 14C ages [Miller, 1985] 
Craters (segment 4). In Holocene time, volcanic activity has extended south to the Inyo Domes and north to the islands
of Mono Lake.
Number of dikes
There is no simple way to determine the number of dikes that are intruded underneath the Mono Craters. Bacon [1982] assumed that the volume of domes erupted in the Coso Volcanic Field during a given time interval was proportional to the thickness of dikes and therefore to extension. Two approaches, both of which differ from that of Bacon [1982] , will be used here to estimate the number of dikes, depending on the outcrop pattern of domes in the segment under consideration. The first approach is based on the assumption that the number of dikes is proportional to the cross-sectional area of the Mono Craters edifice, and is applicable to those segments in which buried domes probably exist. There is an average dome size for the Mono 
dikes. Segment 4 is constrained by two cross sections (C-C • and D-D•), both of which can be filled with four averagesize domes. Segment 6 may be underlain by five dikes (cross section A-A•).
A second approach was used to estimate the number of dikes in the remaining segments. In these segments, all domes are currently exposed, so cross sections were not useful. In some of these segments, the ages of eruptive events during which separate domes were extruded are known. In others, reasonable assumptions about the number of events of dome formation and dike intrusion were made based on available chronological and petrological data as well as stratigraphic relationships between the domes and dated tephra layers. The following is a summary of the estimated number of dikes in each of these segments. Segment I contains domes which may have been formed during only two separate intrusion events, if the small dome at Glass Creek and "Sampson's Dome" [Sampson, 1987] •4C years old [Miller, 1985] . Since it is off the trend of the other volcanoes, we have not assigned the June Lake cinder cone to a numbered segment. A graben north of the cone, collinear with F• (Figure 3) , may be the fissure from which it erupted. The fissure has been filled with glacial outwash and pyroclastic material since its formation.
Numbers and ages of dikes are summarized in Table 2 . As suggested above, segment 5 contains the greatest number of dikes. Since it is reasonable for the greatest number of dikes to overlie the source of magma, the large amount of extension in segment 5 is consistent with the finding of Achauer et al. [1986] that a body of seismically slow material (perhaps a magma chamber) lies beneath it. Note also in Table 2 that the number of dikes in segments 6 through 8 had to be apportioned between Tenaya to Tioga time, and Tioga time to the present. The apportionment of dikes in each period was based on the cross sections, giving the minimum number of dikes possible to the Tenaya to Tioga period because there seems to be an increase in the rate of Mono Craters volcanism through time [Wood, 1984] . Although Table 2 Canyon, the fault has remained active, but at a much lower rate than at Lundy Canyon. In contrast to reduced rates of faulting, volcanic activity has dramatically increased over the preceding period. Activity is concentrated in the central and southern segments of the Mono Craters, but there are high rates of extension due to dike intrusion from Long Valley Caldera to the islands of Mono Lake. Segments 2 and 9 ( Table- land . 
DISCUSSION
The following discussion is organized according to the reliability of the data upon which it is based. The first section, therefore, treats extension rates in time slices and makes no reference to more speculative extension directions. The second section deals with the implications of the inferred regional extension direction when coupled with the extension rates. The final section speculates on the possible implications of this work for the formation of large calderas. Figure 10 suggests that before about 70,000 years ago late Quaternary extension in the Mono Basin was taking place rather uniformly on normal faults at or very near the range front. However, since about 70,000 years ago, faulting has progressively ceased or slowed on range front segments from Bloody Canyon to the Hartley Springs Fault. Between 70,000 and 40,000 years ago, the range front became inactive at Bloody Canyon. Between 40,000 and 14,000 years ago, the range front became inactive at Parker Canyon, and faults at June Lake were less active than during the preceding period. For the past 14,000 years, extension at June Lake and at Lee Vining Canyon has proceeded at only a fraction of typical range front rates, although measurements for this period are minima. The first indications of volcanism at the Mnnn Craters occurred wi•.hln sands of years of the first signs of range front inactivity at Bloody Canyon. From 40,000 to 14,000 years ago, extension due to dike intrusion proceeded at rates comparable to fault slip rates, suggesting that dikes were forming in response to regional crustal stretching. From 14,000 years ago to the present, however, dike intrusion rates seem to be locally greater than faulting rates, suggesting that dikes are intruding in response to high magmatic pressures or magma chamber inflation in addition to crustal stretching. In either case, the result of accommodating extension with dikes rather than faults is a slip gap in the range front fault system.
Extension Rate

Relationship of Mono Basin to Regional Tectonic Patterns
The available geological and geophysical evidence indi- the magma chamber, offset events (earthquakes) along the frontal fault are forestalled, and after many dikes have been intruded, a measurable slip gap develops in the range front fault system. Along segments of the range front progressively more remote from the pull-apart zone and the magma chamber, dikes propagate less frequently than normal faults, until the situation is reached where all extension is taken up by faulting, and no volcanic activity occurs.
Implications for Caldera Formation
Bailey [1982] noted that the Mono Craters are in some ways analogous to Glass Mountain on the northeast rim of Long Valley Caldera, leading him to hypothesize that the craters represent an early phase of caldera formation, since the construction of Glass Mountain directly preceded the formation of Long Valley Caldera. If this is so, then the current tectonic state of Mono Basin is a "snapshot" of the early evolution of Long Valley and perhaps other ash flow calderas, which suggests that they may form in pull-aparts at dilational, en echelon fault jogs; for example, preeruptive [Bacon, 1985] and early [Hildreth and Mahood, 1986 ] eruptive products as well as the greatest subsidence [Carle, 1988] of tions, early products from the magma chamber are erupted along one edge of the pull-apart basin in response to crustal stretching. As the magma chamber enlarges, eruptions may also occur as the result of high magma pressures. Finally, when the chamber becomes sufficiently large, caldera collapse is guided by the boundary faults of the pull-apart basin.
CONCLUSIONS
The lack of late Quaternary faulting along the Sierra Nevadan range front in the Mono Basin may result from relief of elastic strain by dikes feeding the Mono and Inyo Craters, suggesting that dike intrusion is a part of the earthquake cycle in volcanic regions (Figure 12 ). Although rates of extension due to dike intrusion were initially similar to faulting rates, overpressurization or inflation of the magma chamber within the past 14,000 years (and especially within the past 5000 years) may be modifying the response of the dike intrusion system so that dikes are injected at an extension rate greater than the tectonic rate. If the Mono Craters represent an early phase of caldera formation, then some large ash flow calderas may have been preferentially localized at pull-apart basins in broad shear zones, in analogy with the setting of the Mono Craters.
